the progress of students toward passing or failing their credentialing examination was attempted by assessing their software usage. Overall, this study aimed to increase the depth of understanding of the benefits that selfdirected learning with software such as Pegasus Lectures Inc ExamSim provide and to promote the practice of computer testing use in sonography education.
Theoretical Framework
With an impact both direct and tangential on the learning process, assessments typically are at the core of an educational platform. Summative assessments are designed to establish whether course objectives and goals have been attained, whereas formative assessments can provide prescriptive feedback to assist students in reaching their academic goals. 6, 7 This study was based on the conceptual framework of the learning-testing cycle (Figure 1) .
The learning-testing cycle is a method that students often unconsciously utilize as they progress through their educational endeavors. It explains the relationship of three stages of assessment performance: testing preparation, performance, and reflection-all having great influence on one another both directly and indirectly and often dictating future actions based on previous experiences. 4 These three phases to testing are interrelated in that they all have influence on one another yet are recognized as independent segments in their approach to testing. As perceptions of tests develop over time, they begin to influence test preparation indirectly through past performance. Eventually, past performance begins to directly influence test preparation and current test performance. During the test reflection phase, previous experiences in the testing environment begin to directly influence the types of preparation strategies that will be employed during the test preparation phase.
As educational models continue to experience a conceptual shift from teacher-centered learning to studentcentered learning environments, the process of assessments should rely on high levels of student involvement in the testing practice. [8] [9] [10] [11] Judgments or people's ideas of their own levels of self-efficacy and testing confidence levels can affect preparatory and eventually assessment performance efforts in a multitude of ways. [12] [13] [14] Anxiety theorists generally believe that when students are faced with difficult challenges, such as preparing for and/or taking difficult examinations, those who have higher self-efficacy will often exert a deeper effort to succeed.
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Test Familiarity
Practice of a skill to the point of overlearning can lead to mastery and automaticity of a subset of skills. 19, 20 The mechanism of transfer is thought to be related to conditioning and the application of the newly learned principles. Transfer is more likely to occur when more of the same elements are present in the learning and transfer situations. 21, 22 "If the task is identical in both training and transfer, trainees are simply practicing the final task during training and there should be high positive transfer." 23 Test familiarity or testing exposure similar to that of the examination itself can develop a perception of control as more information and familiarity about a test or a testing situation become unveiled. In the same regard, the less that a student knows about an examination, the more ambiguity she or he will experience about how to prepare, thereby creating a greater potential for test anxiety to prevail. A lack of transparency about the nature or testing environment may cause setbacks related to the clarity of the goals. If the comparison point is unclear, it becomes harder to judge where a student may be (self-assessment) in relation to where one would eventually like to arrive (established goal). Students with lower confidence levels in their testing and preparation abilities may perceive their lack of clarity as a reflection of their inability to manage the entire testing situation. These types of actions may result in the student accruing more emotion-focusing strategies, such as self-blame and wishful thinking during the test-taking period. 24 
Test-Taking Skills
Test familiarity as a conceptual idea is based on the premise that encoding specificity is always stored with its context. Those contextual cues present when information is encoded for storage and can later be used for retrieval. 21, 22 While the importance of practice may be most obvious in psychomotor domains, such as athletics or even simple keystroke movements, it can be just as important for learning in domains such as declarative knowledge, conceptual, procedural, principle, and cognitive strategy. 25 Deliberate practice is a highly structured activity designed to improve performance, 26 and to the degree that practice is authentic and similar to the testing environment or the test itself, it can make learning more memorable and promote transfer.
There is an abundance of literature regarding the testing effect and the idea that completing an examination can do more than simply assess learning. Employing tests as a form of engaging students and their cognitive processes-their retrieval processes in particular, thereby improving their long-term retention-has been well reported.
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Ubiquitous Learning and Practice
With the advent and adoption of mobile learning, ubiquitous learning-or learning that occurs when and where it is convenient to the learner-has become more commonplace. [29] [30] [31] Delivering practice tests online provides additional benefits by allowing students to complete tests conveniently, without environmental distractions that are common during in-class practice tests. Online practice tests have served as effective test preparation strategies for many allied health professions utilizing certification examinations, 19, [32] [33] [34] with their ubiquitous nature being a positive attribute.
Immediate Feedback
The success of using formative assessments is partially reliant on the manner through which feedback is conveyed to the learner. A desirable feedback approach appears to be immediate postperformance reporting, which provides feedback directly after the entire assessment has been completed. 35 Learners need corrective feedback to validate their knowledge. 36, 37 As noted previously, 38 evidence that feedback aimed at helping students, as opposed to rewarding or punishing them, allowed each student to identify his or her true understanding of course concepts. This practice, in turn, provided students the opportunity to seek remedial action when need be.
38,39
Method
The general purpose of this research study was to evaluate the effect of computerized mock examinations on sonography student performances and anxiety levels during the preparatory stage of a criterion-referenced national board examination. To achieve this purpose, the following questions framed the research: The design of this study included the collection and analysis of data from 3 surveys and the ARDMS examination scores from each participant, as well as the collected evidence of participation time in, and practice scores from, the software used (for the treatment group). An equivalent treatment-control design was attempted, with each participant randomly assigned and processed in a blinded fashion with regard to sex, age, cumulative grade point average, previous computer experience, highstakes examination history, year in school, and/or employment status. Three measures were used: (1) a web-based survey, which included the Testing Anxiety Inventory (TAI); (2) student input data from the Pegasus Lectures Inc ExamSim software (treatment group); and (3) ARDMS certification examination scores (all participants). Voluntary consent was electronically confirmed with each participant, with a thorough understanding of the study parameters, timelines, and expectations from each group. Each participant was able to utilize 1 Pegasus Lectures Inc ExamSim software product (treatment group-during the time of ARDMS preparation, control group-for future ARDMS board preparation). At the time of this research study, products included Abdomen, Breast, Obstetrics and Gynecology, Adult Cardiac, Vascular Technology, and Sonography Principles and Instrumentation.
Institutions were randomly selected from the publicly available list of diagnostic medical sonography schools in the United States currently accredited by the Commission on Accreditation of Allied Health Education Programs (CAAHEP) that offer either an associate or baccalaureate degree in diagnostic medical sonography. Program size (in terms of number of students in each class), formal education level (associate or baccalaureate degree), and geographic location were not factors in soliciting programs or selecting participants. All participants voluntarily enrolled knowing that this study would have no impact on their current educational situation and that their diagnostic medical sonography program educators had no knowledge of their participation. Program directors were encouraged to not discuss the study in their classrooms, and it was made apparent that this study could in no way be affiliated with a program of study or be used for coursework purposes (as a final in a class or as part of a review course). All control group members were permitted to prepare for their ARDMS examination in any fashion that they so desired, as long as they held to the study stipulation to not use any commercially available computer-based practice tests prior to taking their ARDMS examination. This was deemed an important feature of the study to control for contamination of control group variables. A study limitation was evident with the knowledge that most, if not all, colleges use computerized testing with their learning management systems. However, the degree and extent of formative feedback, didactically and in the form of specific question analysis and test-taking skills, are drastically different when compared with the commercially available products on the market today. The use of a learning management system and its computerized preparation for board examinations was therefore considered a negligible limitation when compared with the robust nature of a dedicated high-stakes examination preparation tool addressing such items as details of areas of weakness, breakdown of score by topic and subtopic, individual test-taking habits, changing of answers detailed with score impact, time per topic relative to key concepts, actual question types that the participants answer incorrectly, and performance relative to cardinal test-taking rules.
Instrumentation
Pegasus Lectures Inc ExamSim Software employs the basic principles of providing a testing format similar to that of the ARDMS. Besides doing the practice examinations, participants can access a tutorial on how to use and navigate the testing software, learn how to develop testtaking strategies, review examinations already taken, and evaluate uniquely generated test reports. All testing modules had 3 full criterion-referenced examinations, each with approximately 170 established questions. Students had 3 hours to complete each test, with no help or hints from the software regarding the correct answers. During the test-taking time, the participant was able to navigate back and forth to answer, review, or change any question in any order. Randomly assigned questions directly correspond with the subject matter content, as specified on the ARDMS website content outline pages. Test takers can pause an examination at any point in time and later return to the same question.
Upon completion of an examination, participant answers are submitted for instant analysis, with the screen navigated to a results page. A patented Intelligent Analysis Package gives a detailed report of each participant's level of preparedness for his or her specific examination. Test takers' scores are reported with the same cutoff score that the ARDMS uses for a pass or failed attempt at 555. Additionally, the time spent answering each question is analyzed, allowing test takers to evaluate not only whether they answered the questions correctly but also whether they did so expeditiously. After each examination and review of performance analysis, the program allows for a review session that displays the test questions, the answers selected, the correct answers, and a detailed explanation of why each correct item is the most appropriate. Each treatment group participant had unlimited access for up to 30 days prior to the ARDMS examination. There were no testing mandates or requirements for treatment group members; each decided how much or how little she or he wanted to utilize the formative practice tool and at what times.
Pegasus Lectures Inc did not at any time have knowledge of identifying features of any of the participants, as they were given unique identifiers that could not be traced back to any names or institutions of enrollment.
The TAI is best utilized to measure test anxiety as a personality trait specifically related to examination situations. This survey is one of the most widely used instruments for assessing testing anxiety among high school and college students, 40, 41 providing a reliable assessment of acute or state anxiety. The TAI consists of 20 statements based on a 4-point Likert-type scale describing the frequencies of a particular anxiety symptom before, during, and after an assessment. The respondents self-report how often they experience the feelings described in each statement. The TAI results were used to establish a baseline to identify those who were predisposed toward a high, low, or moderate level of debilitating test anxiety, as well as a comparison after the treatment was provided, prior to sitting for an ARDMS examination.
Three surveys were created to assist the researcher with data collection. All surveys were delivered online from the University of Wyoming survey tool. The TAI was included in two of those surveys, with the third being a means to collect participant ARDMS scores and, for the control group, to notify the researcher about which ExamSim software participants wanted to use on future ARDMS examination attempts, as an appreciation of being a part of the study. Control group members were able to select from any one of the Pegasus Lectures Inc ExamSim software products and had unlimited access to the testing software of choice for 30 days after establishing an account. The treatment group was not offered any compensation as its incentive was the use of the testing software prior to sitting for the ARDMS examination.
Results
Data were collected for 102 participants and were assessed for univariate outliers. Outliers were assessed with the creation of z scores. Final data analysis was conducted on 101 participants. Descriptive statistics were conducted to depict the sample, which consisted of 54 (53%) participants in the control group and 47 (47%) in the treatment group.
Research Question 1
What is the difference in ARDMS scaled scores between the treatment and control groups?
To determine whether there were significant differences in ARDMS scaled scores between the treatment and control groups, an independent sample t test was conducted. The result of the t test was significant, t(99) = −2.78, P = .007, Cohen's d = 0.56, indicating that there were differences in the ARDMS scores by group. Examination of the mean scores showed that the treatment group (mean = 627.55) scored significantly higher on the ARDMS examination than the control group (mean = 605.46). Results of the independent sample t test are presented in Figure 2 .
Research Question 2
For the treatment group only:
To what degree did the scaled scores and time invested on the Pegasus Lectures Inc ExamSim software predict performance on the ARDMS examination?
To assess and determine to what degree the scores and time invested on the Pegasus Lectures Inc ExamSim software predicted performance on the ARDMS examination, a multiple linear regression was conducted, and the result was significant, F(2, 44) = 13.23, P < .001, R 2 = 37.6%, with time spent on software and software scores accounting for 37.6% of the variance in ARDMS scores. Upon further examination, time spent on software and software scores each offered a unique significant contribution to the model: as time spent on software increased by one unit, ARDMS scores increased by 0.11 units; additionally, as software scores increased by one unit, ARDMS scores increased by 0.08 units.
Research Question 3
How did utilizing a formative computer-based assessment change perceived testing anxiety levels during the test preparatory phase?
To assess Research Question 3, a dependent sample t test was conducted, the result of which was significant, t(46) = 2.89, P = .006. Examination of the mean scores showed that the scores at posttest (mean = 44.26) were lower than the scores at pretest (mean = 49.38), indicating less testing anxiety at posttest for the treatment group. Figure 3 presents the results of the dependent sample t test.
Ancillary Analysis
As the research was being conducted, it became apparent that there may be value in knowing whether the control group experienced a rise in testing anxiety as its ARDMS examination date encroached. For this reason, a modification to the study was made with Institutional Review Board approval, and control group members began taking a second TAI prior to sitting for their board examinations.
To assess the ancillary analysis, a dependent sample t test was conducted and determined to be significant, t(34) = −2.33, P = .026. Examination of the mean scores showed that the scores at prepreparation (mean = 43.26) were lower than the scores preceding the ARDMS test (mean = 47.43), indicating more testing anxiety at postpreparation, or just prior to taking their ARDMS examination.
Discussion
Sonography students' self-perceptions of their levels of anxiety were evaluated prior to using a sonography formative assessment software program and again just before sitting for their board examination. ARDMS scores proved to be higher in the treatment group, or participants who were exposed to formative practice testing software, which supported the expectation of the first research question. A second independent variable was examined to determine whether the time spent on the practice testing software and the scores earned on the practice tests were predictive of the ARDMS scores of those in the treatment group. The result of the multiple regression showed that scores on the practice test and time invested with the software accounted for 38% of the variance in ARDMS scores. As time spent on the software increased, ARDMS scores increased as well. Additionally, as scores on the practice tests increased, ARDMS scores increased. It was evident in the treatment group that testing anxiety levels significantly decreased after using the testing software. Furthermore, for the limited number of control group members who took a pre-and post-TAI, testing anxiety levels increased during this same test preparation phase.
Diagnostic medical sonography educators hold the responsibility of educating and preparing sonography students to become credentialed health care professionals capable of performing within their scope of practice and obtaining a state licensure, when applicable. This process should include the appropriate preparation to ensure successful outcomes on the ARDMS examination. Recognizing the stages of the learning-testing cycle and capitalizing on the opportunities that each phase has to offer (preparation, performance, and reflection) may eventually allow students to evolve and ultimately create higher opportunities for credentialing examination success. As students prepare outside the classroom, a testing environment similar to the one that they will experience during their board examination encounter may give them the advantage that they need to allow for success.
By better understanding, respecting, and tackling components to testing anxiety, educators and students alike may be more prepared to defeat its detrimental effects. Reforming students from high test anxiety and low self-efficacy states to low test anxiety and higher self-efficacy stances, simply by allowing the students to better prepare and learn ubiquitously with formative assessments, may prove to be beneficial.
The literature has shown that students find online formative assessment tools (practice quizzes/tests) to be useful in preparing for upcoming examinations. The completion of realistic testing events can promote performance by facilitating the transfer of content information or contextual cues while increasing self-efficacy, cognitive appraisals, and testing abilities while decreasing interfering agents. Allowing students to freely access practice tests and receive immediate corrective feedback provides personal control over their test preparation efforts, thereby lending to greater self-assessment opportunities and possibly decreasing test anxiety.
Study Limitations
There were several limitations inherent to this study, including a restrained time factor, diagnostic medical sonography program involvement, and, to some extent, the actual study parameters themselves. As many diagnostic medical sonography programs in the United States are not currently accredited, the sonography students involved in this study were accepted only if they were enrolled in or had graduated from a diagnostic medical sonography program accredited by the CAAHEP. This stipulation was added in an attempt to ensure rigorous and as consistent as possible standards within the educational programs. Although this was a good effort in theory, participants were still solicited from multiple accredited diagnostic medical sonography programs across the country, bringing with them their unique educational experiences.
The smaller number of participants was an unexpected element in this study. It was an unknown factor that a limited number of students would be eligible and wanting to sit for the ARDMS examination during the data collecting time frame. Many diagnostic medical sonography program directors provided feedback that their students were very interested in participating but that they would not be taking their board examinations until a later date. If this study is to be replicated, it may prove advantageous to increase the data collection time frame to work better with the different scholastic time frames established across the United States, for graduations to occur and credentialing examinations to be completed.
This research study was approved through the University of Wyoming Institutional Review Board and did not include the participation of program directors, deans, or educators within any diagnostic medical sonography program, in an attempt to allow students to volunteer without academic institutional influence. Although this offered many advantages to the student and allowed for one board approval (as opposed to approval from each educational facility involved), this study's parameters created a situation in which many students were not as involved as they probably could have been, if encouraged to do so by their instructors.
Another limitation is that all students voluntarily selfenrolled in this study. While there are many factors and internal reasons why participants may have been more inclined to take part in the study, students from two opposing ideologies may be involved. One extreme could involve the highly motivated student with low test anxiety who wants to continue to explore all options that could possibly contribute to their obtaining the highest board examination score possible. Alternatively, the diametrically different student may have volunteered; that is, the poorly motivated and highly anxious test taker may have been desperately reaching out for any help she or he could obtain, trying to avoid another possible failed examination. This study did not address this issue but attempted to control for it by randomizing every student from every program into the control or treatment group.
Another limitation involves the self-reporting of multiple variables, such as participant ARDMS examination scores and student test anxiety levels. Attempts were made to decrease these limitations; for instance, names and self-reported ARDMS scores were shared with the ARDMS. However, due to its confidentiality policy, it was unable to provide actual test scores-just the fact that there was a variance between what the ARDMS had on file and what the researcher submitted from self-reports. This allowed the researcher to communicate with these participants in hopes of finding a more accurate score. Unfortunately, the self-reported TAI scores are just that and rely on honest answers to personal questions.
Areas for Further Study
Assisting students in completing the rigorous formal sonography curriculum and helping them to become successful ARDMS candidates has always been a high priority for sonography educators. In hopes of solidifying this theory, specifically for the sonography profession, the literature would benefit from more research in this area utilizing a broad range of commercially available formative testing software. After much research of sonography preparation software on the market at the time of this study, the researcher was able to secure the Pegasus Lectures Inc products free of charge for all participants and with no expectations from the researcher or participants after study completion. As such, there are many robust commercially available sonography preparation products in the market today. A great study for further research may be to compare different products with different students on a mixture of ARDMS examinations. A second area for more research that may lend valuable insight into student high-stakes examination preparation would be to evaluate cohorts of students with similar educational presentations and expectations, such as those from the same diagnostic medical sonography program. Finally, the following question was posed to the control and treatment groups: what types of study materials did they use during their preparation journey? If one could tease out the amount of time dedicated to each preparation method, it may be interesting to find a correlate to examination scores.
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